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The complete nucleotide sequence of the gtE operon was determined (data not shown). Eight open 
reading frames (ORFs) with putative ribosome binding sites (RBSs) and start codons were represented 
in the sequence of the contiguous clones. The gene order, atpBEFHASDC. was identical to that 
observed in other bacteria (Santana et al., supra; Saraste et al. supra; Shibata et a!., supra; Walker et 
al., supra). The start codon of each gene was designated by alignment of ot^ gene sequences of other 
bacteria and the position of possible RBSs. TTS start codons appeared to be present for atpA and 
afpb. while the remaining six genes are proposed to begin with the ATS triplet. The eight gene 
products of the L acidophilus atg operon were aligned with the ATPase subunits from E. coli, B. 
subtilis, En. hirae and S. mutans using the alignment algorithm of Myers et al, (J. Comput. Biol. 3, 563 
(1996)) with a weight matrix of PAAA250 (Table 1). The deduced amino acid sequences of the L. 
acidophilus ATPase subunits showed homology with those of other ba cteria. The greateg ljjomology 
was observed in the .alpha.,.gamma., and .beta, subunits. comprising th^ cyt oplasmic domainJ[g.sub.l) of 
the ATPase . Less homology was evident for the a, b, and c subunits of TH?membrane-bound domain. 
The .delta, subunit of the F.sub.l domain showed the greatest variability of all the subunits . Of the 
bacteria included in the comparison, the subunits of the E. coli ATPase exhibited the least homology 
with the corresponding products from L. acidophilus. The a, b, and c subunits of the F.sub.O sector 
from L. acidophilus generally appeared most similar to the corresponding protein of B. subtilis, while 
the .alpha., .gamma , and .beta, subunits of the membrane bound domain shared the greatest homology 
with S. mutans and En. hirae. 



TABLE 1 Similarities between the H.sup.+ -ATPase subunits from L. acidophilus and other bacteria. B. 
subtilis E. coli En. hirae S. mutans Gene Subunit 7o identity (% similarity) atpB a 34 (75) 17 (60) 36 (74) 
37 (75) otEE c 52 (84) 37 (79) 43 (64) 33 (71) oteF b 32 (78) 19 (50) 37 (79) 35 (80) af^h delta. 28 
(75) 25 (74) 32 (73) 25 (72) gteA .alpha. 73 (93) 51 (86) 80 (96) 76 (95) atpS .gamma. 33 (75) 30 (72) 
41 (80) 35 (78) atsb .beta. 61 (88) 58 (85) 73 (92) 71 (90) otgC .epsilon. 40 (79) 25 (72) 42 (70) 47 



DETL: 



(81) 



lof 1 



1/24/02 1:11 PM 



Record Display Form 



hnp://wcstbrs:8820/bin/9atc.cxc?f=TOC8&st...tncrADBNAME=USPTAESNAME=KVVIC<SiTOTAL_REC=131 



□ 



Generate Collection 



L6: Entry 16 of 131 



File: USPT 



Jun 5, 2001 



DOCUMENT-IDENTIFIER: US 6242194 Bl 

TITLE: Acid-inducible promoters for gene expression 



DEPR: 

The complete nucleotide sequence of the otg operon was determined (data not shown). Eight open 
reading frames (ORFs) with putative ribosome binding sites (RBSs) and start codons were represented 
in the sequence of the contiguous clones. The gene order, atpBEFHASDC. was identical to that 
observed in other bacteria (Santana et oL, supra; Saroste et oL supra; Shibato et al., supra; Walker et 
al., supra). The start codon of each gene was designated by alignment of gtE gene sequences of other 
bacteria and the position of possible RBSs. TT& start codons appeared to be present for atpA and 
atpD, while the remaining six genes are proposed to begin with the ATS triplet. The eight gene 
products of the L. acidophilus atg operon were aligned with the ATPase subunits from E. coli, B. 
subtilis, En. hirae and S. mutans using the alignment algorithm of AAyers et ol. (J. Comput. Biol. 3, 563 
(1996)) with a weight matrix of PAAA250 (Table 1). The deduced amino acid sequences of the L 
acidophilus ATPase subunits showed homology with those of other bacteria. The greatest homology 
was observed in the .alpha.,.gamma., and .beta, subunits. comprising the cytoplasmic domain (F.sub.l) of 
the ATPase . Less homology was evident for the a, b, and c subunits of the membrane-bound domain. 
The .delta, subunit of the F.sub.l domain showed the greatest variability of all the subunits . Of the 
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(57) ABSTRACT 

An isolated polynucleotide encoding an acid-inducible, or 
acid -responsive, promoter element includes the FjFq- 
ATPase promoter of Lactobacillus acidophilus DNA that 
hybridizes thereto and encodes an acid-inducible promoter. 
Recombinant molecules comprising the promoter opera- 
tively associated with a DNA of interest, along with vectors 
and host cells containing the same, are also disclosed. 
Methods of upregulating the transcription of a DNA of 
interest in a host cell with such promoters are also disclosed. 
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Mutations in the mitochondrial ATP synthase gamma siabunit suppress 
a slow-growth phenotype of ymel yeast lacking mitochondrial DNA. 

Weber ER; Rooks RS; Shafer KS; Chase JW; Thorsness PE 

Department of Molecular Biology, University of Wyoming, Laramie 
82071-3944, USA. 

Genetics (UNITED STATES) Jun 1995, 140 (2) p435-42, ISSN 0016-6731 
Journal Code: FNH 

Contract/Grant No. : GM-47390, GM, NIGMS 

Languages : ENGLISH 

Document type: Journal Article 

Record type: Completed 

Subfile: INDEX MEDICUS 

In Saccharomyces cerevisiae, inactivation of the nuclear gene YMEl 
causes several phenotypes associated with impairment of mitochondrial 
function. In addition to deficiencies in mitochondrial compartment 
integrity and respiratory growth, ymel mutants grow extremely slowly in the 
absence of mitochondrial DNA. We have identified two genetic loci that, 
when mutated, act as dominant suppressors of the slow-growth phenotype of 
ymel strains lacking mitochondrial DNA. These mutations only suppressed the 
slow-growth phenotype of ymel strains lacking mitochondrial DNA and had no 
effect on other phenotypes associated with ymel mutations. One allele of 
one linkage group had a collateral respiratory deficient phenotype that 
allowed the isolation of the wild-type gene. This suppressing mutation was 
in ATP3, a gene that encodes the gamma subunit of the mitochondrial ATP 
synthase. Recovery of two of the suppressing ATP3 alleles and subsequent 
sequence analysis placed the suppressing mutations at strictly conserved 
residues near the C terminus of Atp3p. Deletion of the ATP 3 genomic locus 
resulted in an inability to utilize nonf ermentable carbon sources. atp3 
deletion strains lacking mitochondrial DNA grew slowly on glucose media 
but were not as compromised for growth as ymel yeast lacking mitochondrial 
DNA. 

Tags: Support, Non-U. S. Gov't; Support, U.S. Gov't, P.H.S. 

Descriptors: *DNA, Mitochondrial — genetics — GE; *H {+) -Transporting ATP 
Synthase — genetics--GE; *Saccharomyces cerevisiae — genetics — GE; *Suppressi 
on. Genetic; Amino Acid Sequence; Escherichia coli — genetics--GE; Molecular 
Sequence Data; Phenotype; Plasmids ; Saccharomyces cerevisiae--enzymology 
— EN; Saccharomyces cerevisiae — growth and development--GD; Sequence 
Alignment 
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CAS Registry No.: 0 (DNA, Mitochondrial); 0 (Plasmids) 

Enzyme No.: EC 3.6.1.34 (H (+) -Transporting ATP Synthase) 
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In vivo synthesis of ATPase coir^jlexes of Propionigeni\am mode stum and 
Escherichia coli and analysis of their function. 

Gerike U; Kaim G; Dimroth P 

Mikrobiologisches Institut, Eidgenossische Technische Hochschule, Zurich, 
Switzerland, 

European journal of biochemistry (GERMANY) Sep 1 1995, 232 (2) 
p596-602, ISSN 0014-2956 Journal Code: EMZ 

Languages: ENGLISH 

Document type: Journal Article 
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Subfile: INDEX MEDICUS 

Expression studies of Propionigenium modestum ATPase genes in various 
combinations with Escherichia coli ATPase genes were performed in the unc 
deletion mutant strain E. coli DK8 . Plasmids containing the whole unc 
operon from P. modestum were unable to complement the E. coli unc deletion 
mutant. Although all ATPase subunits were expressed from the plasmids , 
there was no detectable ATP hydrolysing activity, indicating that the FX 
part was not functional. Trans formants expressing an E, coli Fl-P. 
modestum FO hybrid exhibited considerable ATPase activities. Binding of the 
Fl part to the membrane was very weak, however, and the coupling between 
ATP hydrolysis and Na+ transport was impaired. After combining the genes 
for E. coli ATPase subunits alpha, beta, gamma , delta and epsilon and the 
hydrophilic part of subunit b with P, modestum ATPase subunits a and c and 
the hydrophobic part of subunit b on a plasmid , a non-functional hybrid 
ATPase was expressed in E, coli. The ATPase was only loosely bound to the 
membrane, from which it was solubilized with Triton X-100 and purified. 
Subunit b and a proteolytic degradation product were the only FO subunits 
detectable in the purified enzyme. A stable FO complex is thus not formed 
with the hybrid b subunit. The absence of a functional FO complex was in 
accord with proton-conduction measurements with bacterial vesicles. The 
only functional Na (+) -translocating ATPase expressed in E. coli thus far 
consists of E, coli subunits alpha, beta, gamma and epsilon, and P, 
modestum subunits delta, a, b and c [Kaim, G. & Dimroth, P. (1993) Eur. J, 
Biochem. 218, 937-944] . During the cloning conducted in our present study, 
errors in the sequence entry into the EMBL data bank (accession no. X58461) 
for the P. modestum ATPase alpha and beta subunits became evident, which 
are corrected in this paper. 

Descriptors : *Adenosinetriphosphatase — biosynthesis — BI ; ^Escherichia 
coli--en2ymology — EN; *Gram-Negative Anaerobic Bacteria--enzyinology--EN; 
Adenos inet riphosphat as e-- chemistry — CH; Adenosine triphosphatase — genetics 
— GE; Amino Acid Sequence; Base Sequence; Cloning, Molecular; DNA, 
Bacterial — genetics — GE; Escherichia coli — genetics — GE; Gene Deletion ; 
Gene Expression ; Genes, Bacterial; Genetic Complementation Test; 
Gram-Negative Anaerobic Bacteria — genetics — GE; H (+) -Transporting ATP 
Synthase — biosynthesis — BI ; H (+) -Transporting ATP Synthase — chemistry — CH; 

H (+) -Transporting ATP Synthase — genetics — GE; Molecular Sequence Data; 
Operon; Plasmids — genetics — GE; Polymerase Chain Reaction; Protein 
Conformation; Recombinant Proteins — biosynthesis — BI ; Recombinant 
Proteins — chemistry — CH; Recombinant Proteins — genetics — GE; Sequence 
Homology, Amino Acid 

Molecular Sequence Databank No.: GENBANK/ J01594 ; GENBANK/X584 61 

CAS Registry No.: 0 (DNA, Bacterial); 0 (Plasmids); 0 (Recombinant 
Proteins) 
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Alpha 3 beta 3 coir5>lex of thermophilic ATP synthase . Catalysis 
without the gamma -subunit. 

Kagawa Y; Ohta S; Otawara-Hamamoto Y 

Department of Biochemistry, Jichi Medical School, Tochigi-ken, Japan. 
FEES letters (NETHERLANDS) May 22 1989, 249 (1) p67-9, ISSN 
0014-5793 Journal Code: EUH 
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Document type: Journal Article 
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A. complex of- the alpha- and beta-subunits of thermophilic ATP synthase 
showed about 25% of the ATPase activity of the alpha beta gaznzna complex. 
The alpha 3 beta 3 hexamer structure was analyzed by sedimentation (11.2 S) 
and gel filtration (310 kDa) . Dilution of the alpha beta complex caused 
dissociation of the complex and rapid loss of ATPase activity which was 
restored by addition of the gamma -subunit. A previous method using urea 
for isolating the subunits resulted in an alpha beta complex with lower 
activity than that prepared by over- expression of the genes. The alpha 
beta-ATP complex was formed from the alpha beta complex, ADP and Pi in the 
presence of dimethyl sulfoxide. 
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A respiratory-driven and an artificially driven ATP synthesis in 
mutants of Vibrio parahaemolyticus lacking H+- translocating ATPase . 
Sakai Y; Moritani C; Tsuda M; Tsuchiya T 

Department of Microbiology, Faculty of Pharmaceutical Sciences, Okayama 
University, Japan. 
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p450-6, ISSN 0006-3002 Journal Code: AOW 
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Mutants of Vibrio parahaemolyticus lacking the H+-translocating ATPase 
were isolated to evaluate both the role of this enzyme and the possibility 
of the involvement of other cation-translocating ATPase in the energy 
transduction in this organism. Dicyclohexylcarbodiimide-sensitive ATPase 
activity which represents the H+-translocating ATPase was not detected 
either in the membrane vesicles or in the cytosol of the mutants. Three 
major subunits, alpha, beta and gamma , of the H+-translocating ATPase 
were missing in the membranes of the mutants. Although ATP was synthesized 
in wild type cells when an artificial H+ gradient was imposed, little ATP 
was synthesized in the mutants. However, we observed a large ATP synthesis 
driven by the respiration not only in the wild type but also in the 
mutants. The respiratory-driven ATP synthesis in wild type was inhibited by 
an H+ conductor, carbonyl cyanide m-chlorophenylhydrazone, by about 50%. On 
the other hand, the ATP synthesis in the mutants was not affected by the H+ 
conductor. Since this organism possesses a respiratory Na+ pump, 
Na+-coupled ATP synthesis might take place. In fact, we observed some ATP 
synthesis driven by an artificially imposed Na+ gradient both in the wild 
type and the mutant. 
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DOCUMENT-IDENTIFIER: US 6214591 Bl 

TITLE: Methods for producing L-valine and L-leucine 

BSPR: 

H.sup.+ -ATPase is a membrane-binding enzyme with approximately 500,000 KD in molecular weight, in 
which 8 types of subunits complicatedly associate, and functions to pump H.sup.+ outside of cytoplasm 
through changes in the free energy caused by ATP hydrolyzation and to synthesize ATP utilizing a 
H.sup.+ -concentration gradient between the inside and outside of cytoplasmic membrane caused by 
intracellular respiration. Additionally, this enzyme is divided into an f 0 fraction, which is localized on 
the inner membrane and exhibits H.sup> -transport activity, and an Fl fraction, which is localized in 
the membrane surface and catalyzes the decomposition and synthesis of ATP, and the FO is composed 
of 3 types of subunits a, b and c, while the Fl is composed of 5 types of subunits .alpha., .beta., 
.gamma., .delta., .epsilon.. A strain which has a mutation in any of these subunits can be used as a 
H,sup.+ -ATPase-deficient strain. The mutation of the H,sup.+ -ATPase deficiency may include the 
expression of a mutant subunit. and the non-expression of subunits comprising H.sup.+ -ATPase by the 
mutation at a promoter site. 
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L6: Entry 23 of 131 File: USPT Apr 10, 2001 

DOCUMENT-IDENnFIER: US 6214591 Bl 
TITLE: Methods for producing L-valinc and L-lcucine 

BSPR: 

H.sup.+ -ATPase is a membrane-binding enzyme with approximately 500,000 Kb in molecular weight, in 
which 8 types of subunits complicatedly associate, and functions to pump H.sup.+ outside of cytoplasm 
through changes in the free energy caused by ATP hydrolyzation and to synthesize AT? utilizing a 
H.sup.+ -concentration gradient between the inside and outside of cytoplasmic membrane caused by 
intracellular respiration. Additionally, this enzyme is divided into an f 0 fraction, which is localized on 
the inner membrane and exhibits H.sup.+ -transport activity, and an Fl fraction, which is localized in 
the membrane surface and catalyzes the decomposition and synthesis of ATP, and the FO is composed 
of 3 types of subunits a, b and c, while the Fl is composed of 5 types of subunits .alpha., .beta., 
.gamma., .delta,, .epsilon.. A strain which has a mutation in any of these subunits can be used as a 
H.sup.+ -ATPase-deficient strain. The mutation of the H.sup.+ -ATPase deficiency may include the 
expression of a mutan t subunit. and the non-expression of subunits comprising H.sup.+ -ATPase by the 
mutation at a promoter site. 
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DOCUMENT-IDENTIFIER: US 5945505 A 
TITLE: Human phospholcmman-like protein 

BSPR: 

The sodiuno potassium ATPase (NaX -ATPase) .oamma.-subunit. formerly known as the NaX -ATPase 
proteolipid, is a small membrane protein that co-purifies with the .alpha.- and .beta. -subunits of 
NaX -ATPase (Mercer R W et al (1993) J Cell Biol 121:579-586). The .gamma -subunit is a small 
membrane protein consisting of 58 amino acids with a single transmembrane domain. This 
transmembrane domain is structurally related to the transmembrane domains of other PLM-like 
proteins. The .qamma.-subunit may act as a regulator of th e A TP-dependent ion channel activity of 
NaX -ATPose . 

BSPR: 

The present invention features a novel human PLM-like protein, hereinafter referred to as HPLP, 
having chemical and structural homology to PLM, Mat-8, CHIF, and NaX -ATPase .qamma.-subunit . 
Accordingly, the invention features a substantially purified HPLP, encoded by amino acid sequence of 
SEQ ID N0:1, having structural characteristics of the family of PLM-like proteins. 



FIS. 2 shows the amino acid sequence alignments among HPLP (SEQ ID N0:1), canine PLM (SEQ ID 
N0:3, 61 108084, Palmer et al, supra), human MAT-8 (SEQ ID N0:4, Gl 1085026, Morrison et al, 
supra), rat CHIF (SEQ ID N0:5, SI 951423, Attali B et al (1995), supra), and mouse NaX -ATPase 
.oamma.-subunit (SEQ ID N0:6, Gl 51112, Mercer R W et al, supra). Sequences were aligned using the 
multisequence alignment program of DNAStar.TM. software (DNASTAR Inc, Madison, Wis.). 

DEPR: 

The present invention is based, in part, on the chemical and structural homology among, HPLP, PLM 
(SEQ ID N0:3, Gl 108084; Palmer C et al, supra), MAT-8 (SEQ N0:4: SI 1085026; Morrison B et al 
(1995), supra), CHIF (SEQ ID N0:5; SI 951423, Attali B et al (1995), supra), and NaX -ATPase 
.qamma.-subunit (SEQ ID N0:6, SI 51112, Mercer R W et al, supra). PLM, Mat-8, CHIF, and 
NaX -ATPase .oamma.-subunit have, respectively, 467o, 31%, 257o, and 27% sequence identity to HPLP. 
The identity increases within the transmembrane domains of these proteins; the transmembrane 
domains of PLM, Mat-8, CHIF, and Na, K -ATPase .qamma.-subunit have, respectively, 60%, 45%, 40%, 
and 60% sequence identity with the predicted transmembrane domain of HPLP. 



DRPR: 
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L6: Entry 59 of 131 File: USPT Aug 31, 1999 

DOCUMENT-IDENTIFIER: US 5945505 A 
TITLE: Human phospholemman-like protein 

BSPR: 

The sodium potassium ATPase (NaX -ATPase) .qamma.-subunit. formerly known as the NaX -ATPase 
proteolipid, is a small membrane protein that co-purifies with the .alpha.- and .beta. -subunits of 
NaX - ATPase (Mercer R W et al (1993) J Cell Biol 121:579-586). The .qamma.-subunit is a small 
membrane protein consisting of 58 amino acids with a single transmembrane domain. This 
transmembrane domain is structurally related to the transmembrane domains of other PLM-like 
proteins. The .qamma.-subunit may act as a regulator of th e A TP-dependent ion channel activity of 
NaX - ATPase . 

BSPR: 

The present invention features a novel human PLM-like protein, hereinafter referred to as HPLP, 
having chemical and structural homology to PLM, Mat-8, CHIF, and NaX -ATPase .qamma.-subunit . 
Accordingly, the invention features a substantially purified HPLP, encoded by amino acid sequence of 
SEQ ID N0:1, having structural characteristics of the family of PLM-like proteins. 

DRPR: 

FIG. 2 shows the amino acid sequence alignments among HPLP (SEQ ID N0:1), canine PLM (SEQ ID 
NO:3, &1 108084, Palmer et al, supra), human MAT-8 (SEQ ID N0:4, Gl 1085026, Morrison et al, 
supra), rat CHIF (SEQ ID N0:5, SI 951423, Attali B et al (1995), supra), and mouse Na.K -ATPase 
.qamma.-subunit (SEQ ID N0:6, 61 51112, Mercer R W et al, supra). Sequences were aligned using the 
multisequence alignment program of DNAStar.TM. software (DNASTAR Inc, Madison, Wis.). 

DEPR: 

The present invention is based, in part, on the chemical and structural homology among, HPLP, PLM 
(SEQ ID N0:3, Gl 108084: Palmer C et al, supra), MAT-8 (SEQ N0:4; 61 1085026; Morrison B et al 
(1995), supra), CHIF (SEQ ID N0:5: Gl 951423, Attali B et al (1995), supra), and NaX -ATPase 
.qamma.-subunit (SEQ ID N0:6, Gl 51112, Mercer R W et al, supra). PLM, Mat-8, CHIF, and 
NaX -ATPase .qamma.-subunit have, respectively, 46 7o, 31%, 25%, and 277o sequence identity to HPLP. 
The identity increases within the transmembrane domains of these proteins; the transmembrane 
domains of PLM, Mat-8, CHIF, and Na, K -ATPase .qamma.-subunit have, respectively, 60%, 457o, 40%, 
and 60% sequence identity with the predicted transmembrane domain of HPLP. 
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Synthesis of a functional FO sector of the Escherichia coli H+- ATPase 
does not require synthesis of the alpha or beta s\abunits of Fl. 

Fillingame RH; Porter B; Hermolin J; White LK 

Journal of bacteriology (UNITED STATES) Jan 1986, 165 (1) p244-51, 
ISSN 0021-9193 Journal Code: HH3 

Contract/Grant No.: GM-23105, GM, NIGMS 

Languages : ENGLISH 

Document type: Journal Article 

Record type: Completed 

Subfile: INDEX MEDICUS 

The uncB, E, F, and H genes of the Escherichia coli unc operon were 
cloned behind the lac promoter of plasmid pUC9, generating plasmid 
pBPlOl. These unc loci code, respectively, for the chi, omega, and psi 
subunits of the FO sector and the delta subunit of the Fl sector of the 
H+-ATP synthase complex. Induction of expression of the four unc genes by 
the addition of isopropyl-beta-D-thiogalactoside resulted in inhibition of 
growth. During isopropyl-beta-D-thiogalactoside induction, the three 
subunits of FO were integrated into the cytoplasmic membrane with a 
resultant increase in H+ permeability. A functional FO was formed from 
plasmid pBPlOl in a genetic background lacking all eight of the unc 
structural genes coding the FIFO complex. In the unc deletion background, 
a reasonable correlation was observed between the amount of FO incorporated 
into the membrane and the function measured, i.e., high-affinity binding of 
Fl and rate of FO-mediated H+ translocation. This correlation indicates 
that most or all of the FO assembled in the membrane is active. Although 
the FO assembled under these conditions binds Fl, only partial restoration 
of NADH-dependent or ATP-dependent quenching of quinacrine fluorescence was 
observed with these membranes. Proteolysis of a fraction of the psi subunit 
may account for this partial deficiency. The experiments described 
demonstrate that a functional FO can be assembled in vivo in E. coli 
strains : lacking genes for the alpha, beta, gamma , and epsilon subunits of 
Fl. 

Tags: Support, U.S. Gov't, P.H.S. 

Descriptors: ^Escherichia coli — enzymology--EN; *H (+) -Transporting ATP 
Synthase — biosynthesis--BI ; Bacterial Proteins — metabolism — ME; Chromosome 
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Plasmids 
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^li leads to resistance to aminoglycoside antibiotics . 

^ Humbert R; Altendorf K 

Department of Biological Sciences, Stanford University, California 
94305-5020. 

Journal of bacteriology (UNITED STATES) Mar 1989, 171 (3) pl435-44, 
ISSN 0021-9193 Journal Code: HH3 

Contract/Grant No.: GM 18539, GM, NIGMS 

Languages : ENGLISH 

Document type: Journal Article 

Record type: Completed 

Subfile: INDEX MEDICUS 

A strain of Escherichia coli which was derived from a 
gentamicin-resistant clinical isolate was found to be cross-resistant to 
neomycin and streptomycin. The molecular nature of the genetic defect was 
found to be an insertion of two GC base pairs in the uncG gene of the 
mutant. The insertion led to the production of a truncated gamma 
subunit of 247 amino acids in length instead of the 286 amino acids that 
are present in the normal gamma subunit. A plasmid which carried the 
ATP synthase genes from the mutant produced resistance to aminoglycoside 
antibiotics when it was introduced into a strain with a chromosomal 
deletion of the ATP synthase genes. Removal of the genes coding for the 
beta and epsilon subunits abolished antibiotic resistance coded by the 
mutant plasmid . The relationship between antibiotic resistance and the 
gamma subunit was investigated by testing the antibiotic resistance of 
plasmids carrying various combinations of unc genes. The presence of 
genes for the FO portion of the ATP synthase in the presence or absence of 
genes for the gamma subunit was not sufficient to cause antibiotic 
resistance. alpha, beta, and truncated gamma subunits were detected on 
washed membranes of the mutant by immunoblotting . The first 247 amino acid 
residues of the gamma subunit may be sufficient to allow its association 
with other Fl subunits in such a way that the proton gate of FO is held 
open by the mutant Fl . 

Tags: Support, Non-U. S. Gov't; Support, U.S. Gov't, P.H.S. 
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Two genes, atpCl and atpC2 , for the gamma siibunit of Arabidopsis 

thaliana chloroplast ATP synthase . 

Inohara N; Iwamoto A; Moriyama Y; Shimomura S; Maeda M; Futai M 
Department of Organic Chemistry and Biochemistry, Osaka University, 

Japan . 

Journal of biological chemistry (UNITED STATES) Apr 25 1991, 266 (12) 

p7333-8, ISSN 0021-9258 Journal Code: HIV 

Languages : ENGLISH 

Document type: Journal Article 

Record type: Completed 

Subfile: INDEX MEDICUS 

Arabidopsis thaliana has two genes (atpCl, atpC2) coding for gamma 
subunits of chloroplast ATP synthase. The atpCl and atpC2 were cloned and 
sequenced. They had no introns within the reading frames and coded for 
proteins of 373 and 386 amino acid residues, respectively, including 
putative transit sequences (50 and 60 amino acid residues, respectively) . 
In contrast, the spinach gaicima subunit gene had two introns within the 
reading frame. The mature sequences coded by the two genes of A. thaliana 
(atpCl, 323 residues; atpC2, 326 residues) were homologous with that of 
spinach (J. Miki, M. Maeda, Y. Mukohata, and M. Futai (1988) FEES Lett. 
232, 221-226) : the homologies of gamma subunits coded by atpCl and atpC2 
were 72%, those of the subunits coded by atpCl and spinach cDNA were 84%, 
and those of the proteins coded by atpC2 and spinach cDNA were 71%. Like 
the spinach subunit, the gamma subunits coded by the two genes had unique 
regulatory domains not found in mitochondrial or bacterial subunits. 
Poly (A) + mRNAs corresponding to atpCl (1.5 kilobases) and atpC2 (2.5 
kilobases) were detected in illuminated plants, the amount of the former 
being at least 140 times that of the latter. The atpCl mRNA was not found 
in dark-adapted plants. Nuclear protein (s) specifically bound to the 
upstream region of atpCl was detected by gel shift assay and its binding 
was shown to be inhibited by the GT-1 element of the gene encoding the 
ribulose-1, 5-bisphosphate carboxylase small subunit, which is expressed 
under illumination (P. J. Green, S. A. Kay, and N. H. Chau (1987) EMBO J. 
6, 2543-2549) . Consistent with these findings, an increased amount of the 
gamma subunit was detected immunochemically in illuminated plants. 

Tags: Support, Non-U. S. Gov*t 
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948698 94043360 PMID: 8227057 

Gene structure of htunan mitochondrial ATP synthase gamma -subunit. 
Tissue specificity produced by alternative RNA splicing. 

Matsuda C; Endo H; Ohta S; Kagawa Y 

Department of Biochemistry, Jichi Medical School, Tochigi, Japan. 

Journal of biological chemistry (UNITED STATES) Nov 25 1993, 268 (33) 

p24950-8, ISSN 0021-9258 Journal Code: HIV 
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Document type: Journal Article 

Record type: Completed 

Subfile: INDEX MEDICUS 

We completely sequenced the human gene for ATP synthase gamma -subunit, 
which was approximately 23 kilobases long and was composed of 10 exons . 
Exons 1 and 2 encoded the N-terminal presequence required for mitochondrial 
import, while exons 9 and 10 encoded the C-terminal portions of mature 
protein. Enzymatic amplification of human heart and liver cDNAs using the 
polymerase chain reaction revealed two mRNA transcripts that were predicted 
to encode two 30-kDa isoforms of the gamma -subunit, which differed by the 
addition of a single amino acid (Asp273) at the C terminus of the liver 
type isoform. These two mRNA transcripts of the heart (H) type and liver 
(L) type were generated by alternative splicing of an exon. The same 
alternative splicing event was observed in bovine tissue. In human tissues, 
the H type mRNA devoid of exon 9 was expressed specifically in the heart 
and skeletal muscle, which require rapid energy supply. The L type mRNA was 
expressed in the brain, liver, kidney etc. Both transcripts were 
expressed in the skin, intestine, stomach, and aorta. This tissue 
specificity of transcript heterogeneity suggests the distinct functional or 
regulatory roles of the gamma -subunit isoforms in the catalysis of ATP 
synthase. This is the first report on tissue-specific isoforms generated by 
alternative splicing in an energy transducing mitochondrial protein. 
Tags: Animal; Human; Support, Non-U. S, Gov't 
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chromosomal localization of genes required for the terminal steps of 
oxidative metabolism: alpha and gamma subunits of ATP synthase and 
the phosphate carrier. 

Jabs EW; Thomas PJ; Bernstein M; Coss C; Ferreira GC; Pedersen PL 

Department of Pediatrics and Medicine, Johns Hopkins University School of 
Medicine, Baltimore, MD 21287. 

jlumafn (GERMANY) May 1994, 93 (5) p600-2, ISSN 0340-6717 

Journal Code : GED 

Contract/Grant No.: CA 10951, CA, NCI; HG 00373, HG, NHGRI 

Languages : ENGLISH 

Document type: Journal Article 

Record type: Completed 

Subfile: INDEX MEDICUS 

The terminal steps of oxidative phosphorylation include transport of 
phosphate and ADP into the mitochondrial matrix, synthesis of ATP in the 
matrix, and transport of the product ATP into the cytosol where it can be 
utilized to perform cellular work. Three nuclear genome encoded membrane 
proteins, namely, the phosphate carrier (PHC) , the adenine nucleotide 
carrier (ANT) , and the ATP synthase complex, consisting of at least 13 
individual subunits, catalyze these reactions. The locations of the alpha 
and gamma subunits of the mitochondrial ATP synthase complex and the 
mitochondrial phosphate carrier, PHC, on human chromosomes were determined 
using cloned rat liver cDNA as probes. Human homologues of the alpha 
subunit are on chromosomes 9 and 18, the gamma subunit are on chromosomes 
10 and 14, and the PHC was localized to chromosome 12. 
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Mitochondrial ATP synthase : dramatic Mg2+-induced alterations in the 
structure and function of the Fl- ATPase moiety. 
Pedersen PL; Williams N; Hullihen J 

Laboratory for Molecular and Cellular Bioenergetics , Johns Hopkins 
University School of Medicine, Baltimore, Maryland 21205. 

Biochemistry (UNITED STATES) Dec 29 1987, 26 (26) p8631-7, ISSN 
0006-2960 Journal Code: AOG 

Contract/Grant No.: CA 10951, CA, NCI 
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Document type: Journal Article 
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The ATPase activity of the Fl moiety of rat liver ATP synthase^ is 
inactivated when incubated prior to assay at 25 degrees C in the presence, 
of MgCM, The concentration of MgC12 (130 microM) required to induce 
half-maximal inactivation is over 30 times higher than the apparent Km 
(MgCl2) during catalysis. Moreover, the relative efficacy of divalent 
cations in inducing inactivation during prior incubation follows an order 
significantly different from that promoting catalysis. Inactivation of 
Fl-ATPase activity by Mg2+ is accompanied by the dramatic dissociation from 
the Fl complex of alpha subunits and part of the ubunit 
population. The latter form a precipitate while the beta, delta, and 
epsilon subunits, and the remaining part of the gamma -subunit population, 
remain soluble. Dissociation is not a sudden "all or none" event but 
parallels loss of ATPase activity until alpha subunits have almost 
completely dissociated together with about 50% of the gamma -subunit 
population. Mg2-!— induced loss of Fl-ATPase activity cannot be prevented by 
including either the hydrolytic substrates ATP, GTP, or ITP in the 
incubation medium or the product ADP . Ethylenediaminetetraacetic acid, 
mercaptoethanol, and dithiothreitol are also ineffective in preventing loss 
of ATPase activity. Significantly, KPi at high concentration (greater than 
or equal to 200 mM) is effective in partially protecting Fl against 
inactivation . However, the most effective means of preventing 

Mg2+-induced inactivation of Fl-ATPase activity is to rebind Fl to its FO 
moiety in Fl-depleted particles. When bound to FO, Fl is protected 
completely against divalent cation induced inactivation . (ABSTRACT 
TRUNCATED AT 250 WORDS) 
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Isolation of a cDNA clone for the gamma siibuhit of the chloroplast ATP 

synthase of Ghlamydomonas reinhardtii : import and cleavage of the 
precursor protein. 

Yu LM; Merchant S; Theg SM; Selman BR 

Department of Biochemistry, College of Agricultural and Life Sciences, 
University of Wisconsin-Madison 53706. 

Proceedings of the National Academy of Sciences of the United States of 
America (UNITED STATES) Mar 1988, 85 (5) pl369-73, ISSN 0027-8424 
Journal Code: PV3 

Contract/Grant No.: GM 31384, GM, NIGMS 
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A cDNA library from Ghlamydomonas reinhardtii, constructed in the phage 
expression vector lambda gtll, was probed with antiserum directed 

against the nuclear-encoded ^^^kxmSa * ^libuhit of the chloroplast 
H+-transporting ATP synthase [ATP phosphohydrolase (H+-transporting) or 
chloroplast coupling factors 0 and 1, EC 3.6.1.34] of C. reinhardtii. A 
cDNA was isolated and transcribed in vitro. The transcript was translated 
in vitro and immunoprecipitated with anti- gamma -subunit serum to yield a 
product that coelectrophoresed with the immunoprecipitated product from in 
vitro-translated polyadenylylated RNA. These proteins were larger than the 
mature gaxtima subunit, either immunoprecipitated as chloroplast coupling 
factor 1 or as the individual subunit. Thus, the gamma subunit is 
synthesized as a precursor of greater molecular weight in C. reinhardtii. 
Furthermore, the precursor protein encoded by the cDNA is imported into pea 
chloroplasts and processed to a lower molecular weight polypeptide that 
coelectrophoreses with mature C. reinhardtii gamma subunit. The largest 
cDNA isolated is about the same length as the corresponding mRNA 
(approximately equal to 1900 bases long) and probably contains the entire 
coding region. Southern blot analyses revealed restriction fragment length 
polymorphisms and that the gamma subunit is probably encoded by an 
intron-containing single-copy gene. 
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The membrane bound ATP synthase of Escherichia coli: a review of 
structural and functional analyses of the atp operon. 

von Meyenburg K; Jorgensen BB; Nielsen J; Hansen FG; Michelsen 0 
Tokai ■ journal of experimental and clinical medicine (JAPAN) 1982, 7 
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The structure of the atp operon, which contains the genes for the eight 
subunits alpha, beta, gamma , delta, epsilon, a, b and c of the membrane 
bound ATP synthase of Escherichia coli as determined by genetic experiments 
and DNA sequencing, is reviewed. The localization of transcription signals, 
namely of one major and two minor promoters, as well as the determination 
of the stoichiometry of the subunits (alpha :beta: gamma 
:delta: epsilon: a:b:c = 3:3:1:1:1:1:2:12-15) is summarized. 
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The atp operon: nucleotide sequence of the region encoding the 
alpha-subunit of Escherichia coli ATP - synthase . 
Gay NJ; Walker JE 

Nucleic acids research (ENGLAND) May 11 1981, 9 (9) p2187-94, ISSN 
0305-1048 Journal Code: 08L 
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Part of the atp (or unc) operon encoding the alpha, beta, gamma / delta, 
and epsilon subunits of Escherichia coli ATP-synthase has been cloned into 
the plasmid pACYC 184. The DNA coding for the largest of these proteins, 
the alphas subunit, has been sequenced by cloning into the bacteriophage 
M13 and sequencing with dideoxy nucleotide chain terminators. It comprises 
1539 nucleotides corresponding to a protein of 513 amino acids. 
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It has been suggested that the last seven to nine amino acid residues at 
the C terminus of the gamma subunit of the ATP synthase act as a spindle 
for rotation of the gamma subunit with respect to the alpha beta subunits 
during catalysis (Abrahams, J. P., Leslie, A. G. W., Lutter, R. , and 
Walker, J, E. (1994) Nature 370, 621-628). To test this hypothesis we 
selectively deleted C-terminal residues from the chloroplast gamma 
subunit, two at a time starting at the sixth residue from the end and 
finishing at the 20th residue from the end. The mutant gamma genes were 
overexpressed in Escherichia coli and assembled with a native alphaSbetaS 
complex. All the mutant forms of gamma assembled as effectively as the 
wild-type gamma. Deletion of the terminal 6 residues of gamma resulted in 
a significant increase (>50%) in the Ca-dependent ATPase activity when 
compared with the wild-type assembly. The increased activity persisted even 
after deletion of the C-terminal 14 residues, well beyond the seven 
residues proposed to form the spindle. Further deletions resulted in a 
decreased activity to approximately 19% of that of the wild-type enzyme 
after deleting all 20 C-terminal residues. The results indicate that the 
tip of the gammaC terminus is not essential for catalysis and raise 
questions about the role of the C terminus as a spindle for rotation. 
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The proton-translocating FIFO ATP synthase from Clostridium 
thermoautotrophicum was solubilized from cholate-washed membranes with 
Zwittergent 3-14 at 58 degrees C and purified in the presence of 
octylglucoside by sucrose gradient centrif ugation and ion-exchange 
chromatography on a DEAE-5PW column. The purified enzyme hydrolyzed ATP at 
a rate of 12.6 micromol min(-l) mg(-l) at 58 degrees C and pH 8.5. It was 
composed of six different polypeptides with molecular masses of 60, 50, 32, 
19, 17, and 8 kDa. These were identified as alpha, beta, gamma, delta, 
epsilon, and c subunits, respectively, as their N-terminal amino acid 
sequences matched the deduced N-terminal amino acid sequences of the 
corresponding genes of the atp operon sequenced from Clostridium 
thermoaceticum ( GenBank accession no. U64318), demonstrating the close 
similarity of the FIFO complexes from C. thermoaceticum and C. 
thermoautotrophicum. Four of these subunits, alpha, beta, gamma, and 
epsilon, constituted the Fl-ATPase purified from the latter bacterium. The 
delta subunit could not be found in the purified Fl although it was present 
in the FIFO complex, indicating that the FO moiety consisted of the delta 
and the c subunits and lacked the a and b subunits found in many aerobic 
bacteria. The c subunit was characterized as N, N * -dicyclohexylcarbodiimide 
reactive. The FIFO complex of C. thermoautotrophicum consisting of subunits 
alpha, beta, gamma, delta, epsilon, and c was reconstituted with 
phospholipids into proteoliposomes which had ATP-Pi exchange, 
carbonylcyanide p-trif luoromethoxy-phenylhydrazone-stimulated ATPase, and 
ATP-dependent proton-pumping activities. Immunoblot analyses of the 
subunits of ATP synthases from C, thermoautotrophicum, C. thermoaceticum, 
and Escherichia coli revealed antigenic similarities among the Fl subunits 
from both Clostridia and the beta subunit of Fl from E. coli. 
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Tissue-specific alternative RNA splicing in human Flgamma pre-mRNA 
produces muscle- and nonmuscle-type isoforms. Muscle-specific exclusion of 
exon 9 of the Flgamma gene is cell -specifically induced by acidic 
treatment of human fibrosarcoma HT1080 and rhabdomyosarcoma KYM-1 cells . 
We constructed an Flgamma minigene containing parts of exon 8, intron 8, 
and exon 9 of the human Flgamma gene and then analyzed a negative factor 
that inhibited inclusion of exon 9 via an in vitro splicing assay using 
acid-stimulated HT1080 cell nuclear extract. In vitro splicing of the 
Flgamma minigene, similarly to the beta-globin minigene used as a control, 
was observed in HeLa cell nuclear extract. Next, we performed 
supplemental experiments using HeLa and HT1080 cell nuclear extracts. The 
splicing reaction of the Flgamma minigene was specifically inhibited by 
supplementation with nuclear extract from acid-stimulated HT1080 cells , 
whereas that of human beta-globin was not inhibited. These results 
indicated that acidic stimulation induced a negative factor that blocked 
inclusion of alternatively spliced exon in the Flgamma minigene in vitro, 
and a regulatory factor acted in a sequence-specific manner for 
muscle-specific alternative splicing in Flgamma pre-mRNA, Copyright 1998 
Academic Press. 
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The atp gene region of Clostridium acetobutylicum DSM 792 has been fully 
sequenced. It contains the FOFl ATPase genes in the order atpIBEFHAGDC, 
whose products share high sequence homology to the respective proteins of a 
variety of other bacteria. It is the first such sequence available for a 
mesophilic Clostridium. Significant differences to other reported atp 
operons are a distal transcription start point 219 bp upstream of the 
translation start point and a second transcription initiation site (without 
corresponding promoter sequence) upstream of atpE, indicating 
posttranscriptional processing for massive expression of this gene 
product , 
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A strain of Escherichia coli was constructed which had a complete 
deletion of the chromosomal uncB gene encoding subunit a of the FOFl-ATP 
synthase. Gene replacement was facilitated by a selection protocol that 
utilized the sacB gene of Bacillus subtilis cloned in a kanamycin 
resistance cartridge (Ried, J. L., and Collmer, A. (1987) Gene (Amst.) 57, 
239-246) . FO subunits b and c inserted normally into the membrane in the 
DeltauncB strain. This observation confirms a previous report (Hermolin, 
J., and Fillingame, R. H. (1995) J. Biol. Chem. 2.70, 2815-2817) that 
subunit a is not required for the insertion of subunits b and c. The 
DeltauncB strain has been used to characterize mutations in Arg-210 and 
Glu-219 of subunit a, residues previously postulated to be essential in 
proton translocation. The aE219G and aE219K mutants grew on a succinate 
carbon source via oxidative phosphorylation and membranes from these 
mutants exhibited ATPase-coupled proton translocation (i.e. ATP driven 
9-amino-6-chloromethoxyacridine quenching responses that were 60-80% of 
wild type membranes) . We conclude that the aGlu-219 residue cannot play a 
critical role in proton translocation. The aR210A mutant did not grow on 
succinate and membranes exhibited no ATPase-coupled proton translocation. 
However, on removal of Fl from membrane, the aR210A mutant FO was active in 
passive proton translocation, i.e. in dissipating the DeltapH normally 
established by NADH oxidation with these membrane vesicles. aR210A 
membranes with Fl bound were also proton permeable. Arg-210 of subunit a 
may play a critical role in active H+ transport that is coupled to ATP 
synthesis or hydrolysis, but is not essential for the translocation of 
protons across the membranes . 
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Transcription factor nuclear respiratory factor 1 (NRF-1) was originally 
identified as an activator of the cytochrome c gene and subsequently found 
to stimulate transcription through specific sites in other nuclear genes 
whose products function in the mitochondria. These include subunits of the 
cytochrome oxidase and reductase complexes and a component of the 
mitochondrial DNA replication machinery. Here we establish that a 
functional recognition site for NRF-1 is present in the ATP synthase gamma 
^subunit gene extending the proposed respiratory role of NRF-1 to complex 
V. In addition, biologically active NRF-1 sites are found in genes encoding 
the eukaryotic translation initiation factor 2 alpha-subunit and tyrosine 
aminotransferase, both of which participate in the rate-limiting step of 
their respective pathways of protein biosynthesis and tyrosine catabolism. 
The recognition sites from each of these genes form identical complexes 
with NRF-1 as established by competition binding assays, methylation 
interference f ootprinting, and UV-induced DNA cross-linking. Cloned 
oligomers of each NRF-1 binding site also stimulate the activity of a 
truncated cytochrome c promoter in transfected cells . The NRF-1 binding 
activities for the various target sites copurified approximately 
33,000-fold and resided in a single protein of 68 kDa. These observations 
further support a role for NRF-1 in the expression of nuclear respiratory 
genes and suggest it may help coordinate respiratory metabolism with other 
biosynthetic and degradative pathways. 
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The antigenic determinants of mAbs against subunit a of the Escherichia 
coli ATP; synth^&e^.. W^ere mapped by ELISA using overlapping synthetic 
decapeptides . For two of the mAbs the epitopes are E4NMTPQD10 (GDH 14-5C6) 
and V29DPQ32 (GDH 8-8B3) . Binding of these mAbs to membrane vesicles of 
different orientation revealed that both epitopes are accessible in 
vesicles with inside-out orientation. These results demonstrate that at 
least the N-terminal amino acids 1-32 of subunit a are located at the 
cytoplasmic side of the membrane. A further determination of the topology 
of subunit a was performed by inserting the reporter epitope DYKDDDDK 
(FLAG epitope) at different positions of the polypeptide chain. 10 of 13 
insertions led to a functional FOFl ATP synthase and allowed specific 
detection of the modified subunit a by immunoblotting using an mAb against 
the FLAG epitope. In addition, polyclonal anti-FLAG IgG was applied for the 
recognition of the mutant FLAG epitope DYKDDVDK. Cells carrying this 
mutant FLAG epitope at the C terminus of subunit a were able to grow on 
succinate as sole carbon and energy source, revealing a functional ATP 
synthase, in contrast to those carrying the original FLAG epitope at the 
same position. Binding studies with membrane vesicles of different 
orientation and anti-FLAG Ig demonstrated that both termini of the protein 
are located at the cytoplasmic side of the membrane, indicating that an 
even number of membrane-spanning segments is present in subunit a. In 
addition, insertion of two FLAG epitopes in tandem after K66, or one 
epitope after H95, and Q181 revealed that the polypeptide regions including 
these residues are accessible from the cytoplasmic surface of the membrane. 
These results support the view that the polypeptide chain of subunit a 
traverses the membrane six times. 
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The delta subunit of Escherichia coli ATP synthase has been expressed 
and purified, both as the intact polypeptide and as delta*, a proteolytic 
fragment composed of residues 1-134. The solution structure of delta* as a 
five-helix bundle has been previously reported (Wilkens, S., Dunn, S. D., 
Chandler, J., Dahlquist, F. W., and Capaldi, R. A. (1997) Nat. Struct. 
Biol. 4, 198-201). The delta subunit, in conjunction with delta-depleted 
Fl-ATPase, was fully capable of reconstituting energy-dependent 
fluorescence quenching in membrane vesicles that had been depleted of Fl . A 
complex of delta with the cytoplasmic domain of the b subunit of FO was 
demonstrated and characterized by analytical ultracentrif ugation using 
bST34-156, a form of the b domain lacking aromatic residues. Molecular 
weight determination by sedimentation equilibrium supported a b2delta 
subunit stoichiometry . The sedimentation coefficient of the complex, 2.1 S, 
indicated a frictional ratio of approximately 2, suggesting that delta and 
the b dimer are arranged in an end-to-end rather than side-by-side manner. 
These results indicate the feasibility of the b2delta complex reaching from 
the membrane to the membrane-distal portion of the Fl sector, as required 
if it is to serve as a second stalk. 
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In Escherichia coli F(1)F(0) ATP synthase, the two b subunits dimerize 
forming the peripheral second stalk linking the membrane F(0) sector to 
F(l) . Previously, we have demonstrated that the enzyme could accommodate 
relatively large deletions in the b subunits while retaining function 
(Sorgen, P. L., Caviston, T. L., Perry, R. C, and Cain, B. D. (1998) J. 
Biol. Chem. 273, 27873-2787 8). The manipulations of b subunit length have 
been extended by construction of insertion mutations into the uncF(b) 
gene adding amino acids to the second stalk. Mutants with insertions of 
seven amino acids were essentially identical to wild type strains, and 
mutants with insertions of up to 14 amino acids retained biologically 
significant levels of activity. Membranes prepared from these strains had 
readily detectable levels of F { 1 ) F ( 0 ) -ATPase activity and proton pumping 
activity. However, the larger insertions resulted in decreasing levels of 
activity, and immunoblot analysis indicated that these reductions in 
activity correlated with reduced levels of b subunit in the membranes. 
Addition of 18 amino acids was sufficient to result in the loss of F(1)F(0) 
ATP synthase function. Assuming the predicted alpha-helical structure for 
this area of the b subunit, the 14-amino acid insertion would result in 
the addition of enough material to lengthen the b subunit by as much as 20 
A. The results of both insertion and deletion experiments support a 
model in which the second stalk is a flexible feature of the enzyme rather 
than a rigid rod-like structure. 
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Entry into intestinal epithelial cells is an essential step in the 
pathogenesis of Salmonella infections. Our laboratory- has previously 
identified a genetic locus, inv, that is necessary for efficient entry of 
Salmonella typhimurium into cultured epithelial cells. We have carried out 
a molecular and functional analysis of invB and invC, two members of this 
locus. The nucleotide sequence of these genes indicated that invB and 
invC encode polypeptides with molecular masses of 15 and 47 kDa, 
respectively. Polypeptides with the predicted sizes were observed when 
these genes were expressed under the control of a T7 promoter. Strains 
carrying nonpolar mutations in these genes were constructed, and their 
phenotypes were examined in a variety of assays. A mutation in invC 
rendered S. typhimurium defective in their ability to enter cultured 
epithelial cells, while mutations in invB did not. Comparison of the 
predicted sequences of InvB and InvC with translated sequences in GenBank 
revealed that these polypeptides are similar to the Shigella spp. proteins 
Spal5 and Spa47, which are involved in the surface presentation of the 
invasion protein antigens (Ipa) of these organisms. In addition, InvC 
showed significant similarity to a protein family which shares sequence 
homology with the catalytic beta subunit of the FOFl ATPase from a number 
of microorganisms. Consistent with this finding, purified preparations of 
InvC showed significant ATPase activity. Site-directed mutagenesis of a 
residue essential for the catalytical function of this family of proteins 
resulted in a protein devoid of ATPase activity and unable to complement an 
invC mutant of S. typhimurium. These results suggest that InvC may energize 
the protein export apparatus encoded in the inv locus which is required for 
the surface presentation of determinants needed for the entry of Salmonella 
species into mammalian cells. The role of InvB in this process remains 
uncertain. 
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We have previously shown that the mitochondrial ATP synthase is 
developmentally regulated through the life cycle of Trypanosoma brucei. The 
mechanism of this regulation is as yet unknown. We are currently examining 
regulation of expression of several key subunits of the ATP synthase to 
investigate this mechanism. In the work presented here, we have cloned, 
sequenced, and confirmed the identity of the ATPase subunit 9 homologue 
from T. brucei. The ATPase subunit 9 gene that we have identified from T. 
brucei has between 40 and 600% identity with subunit 9 from a variety of 
organisms. This gene possesses a putative mitochondrial import sequence at 
the N terminus of the encoded protein sequence. The protein expressed 
from this gene by in vitro transcription/translation comigrates with native 
protein isolated from inner mitochondrial membrane vesicles from T. brucei. 
We have shown that the cDNA identifies a copy of this gene in the nuclear 
genome, but does not identify a similar gene in kinetoplast DNA (kDNA) 
prepared from T. brucei. This gene does not show homology to any published 
sequence data from maxicircle DNA or edited maxicircle derived sequences. 
Steady state transcripts of a single size have been identified by Northern 
analysis and demonstrate significant developmental regulation through the 
T. brucei life cycle. Northern analysis and quantitative reverse 
transcriptase-polymerase chain reaction (RT-PCR) results show that the 
transcript is 10-14-fold higher in procyclic form than in early and late 
bloodstream forms. 
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Structural models of sub^nit,^epsilon of the ATP synthase from Escherichia 
coli have been determined recently by NMR [Wilkens et al . (1995) Nat. 
Struct. Biol. 2, 961-967] and by X-ray crystallography [Uhlin et al. (1997) 
Structure 5, 1219-1230] , revealing a two-domain protein. In this study, six 
new epsilon mutants were constructed and analyzed: Y63A, DBIA, T82A, and 
three truncated mutants, tr80(S), tr94(LAS), and trll7 (AS) . Seven mutants" 
constructed previously were also analyzed: E31A, E59A, S65A, E70A, T77A, 
R58A, and D81A/R85A. S.ubunits were purified by isoelectric focusing from 
extracts of cells that overproduced these 13 mutants. Fl was prepared 
lacking subunit epsilon by immobilized-Ni affinity chromatography. Three 
mutants, E70A, S65A, and E31A, showed somewhat higher affinities and 
extents of inhibition than the wild type. Three mutants, T82A, R85A, and 
tr94(LAS), showed both lower affinities and extents of inhibition, over the 
concentration range tested. Two showed no inhibition, D81A and tr80(S). The 
others, T77A, Y63A, E59A, and trll7 (AS) , showed lower affinities than wild 
type, but the extents of inhibition were nearly normal. Results indicate 
that the C-terminal domain of subunit epsilon contributes to inhibition of 
ATP hydrolysis, but it is not necessary for ATP-driven proton 
translocation. Interactions with subunit gamma are likely to involve a 
surface containing residues S65, E70, T77, D81, and T82, while residues R85 
and Y63 are likely to be important in the conformation of subunit epsilon. 
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Subunit a '"of the E. coli FIFO ATP synthase was probed by insertion 
scanning mutagenesis in a region between residues Glu219 and His245. A 
series of single amino acid insertions r of both alanine and aspartic 
acid, were constructed after the following residues: 225, 229, 233, 238, 
243, and 245. The mutants were tested for growth yield, binding of Fl to 
membranes, dicyclohexylcarbodiimide sensitivity of ATPase activity, 
ATP-driven proton translocation, and passive proton permeability of 
membranes stripped of Fl . Significant loss of function was seen only with 
insertions after positions 238 and 243. In contrast, both insertions 
after residue 225 and the alanine insertion after residue 245 were 
nearly identical in function to the wild type. The other insertions 
showed an intermediate loss of function. Missense mutations of His245 to 
serine and cysteine were nonfunctional, while the W241C mutant showed 
nearly normal ATPase function. Replacement of Leul62 by histidine failed to 
suppress the 245 mutants, but chemical rescue of H245S was partially 
successful using acetate. An interaction between Trp241 and His245 may be 
involved in gating a "half-channel" from the periplasmic surface of FO to 
Asp61 of subunit a. 
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Haemophilus influenzae Rd is a gram-negative bacterium capable of 
natural DNA transformation. The competent state occurs naturally in late 
exponential growth or can be induced by a nutritional downshift or by 
transient anaerobiosis . The genes cya, crp, topA, and sxy (tfoX) are known 
to function in the regulation of competence development. The 
phosphoenolpyruvate: carbohydrate phosphotransferase system functions to 
maintain levels of cyclic AMP necessary for competence development but is 
not directly involved in regulation. The exact signal (s) for competence and 
the genes that mediate the signal (s) are still unknown. In an effort to 
find additional regulatory genes, H. influenzae Rd was mutated by using an 
in vitro Tn7 system and screened for mutants with a reduced ability to 
induce the competence-regulatory gene, comA. Insertions in atpA, a gene 
coding for the alpha subunit of the Fl cytoplasmic domain of the ATP 
synthase, reduce transformation frequencies about 20-fold and cause a 
significant reduction in expression of competence-regulatory genes, while 
the expression of constitutive competence genes is only minimally affected. 
In addition, we found that an insertion in atpB, which encodes the a 
subunit of the FO membrane-spanning domain, has a similar effect on 
transformation frequencies . 
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We previously demonstrated that the Escherichia coli FOFl-ATP synthase 
mutation, gammaM23K/ caused increased energy of interaction between gamma- 
and beta-subunits which was correlated to inefficient coupling between 
catalysis and transport [Al-Shawi, Ketchum and Nakamoto (1997) J. Biol. 
Chem. 272, 2300-2306] . Based on these results and the X-ray 
crystallographic structure of bovine Fl-ATPase [Abrahams, Leslie, Lutter 
and Walker (1994) Nature (London) 370, 621-628] gammaM23K is believed to 
form an ionized hydrogen bond with betaGlu-381 in the conserved 
beta380DELSEED386 segment. In this report, we further test the role of 
gamma-beta-subunit interactions by introducing a series of substitutions 
for betaGlu-381 and gammaArg-242, the residue which forms a hydrogen bond 
with betaGlu-381 in the wild-type enzyme. betaE381A, D, and Q were able to 
restore efficient coupling when co- expressed with gammaM23K. All three 
mutations reversed the increased transition state thermodynamic parameters 
for steady state ATP hydrolysis caused by gammaM23K. betaE381K by itself 
caused inefficient coupling, but opposite from the effect of gammaM23K, the 
transition state thermodynamic parameters were lower than wild-type. These 
results suggest that the betaE381K mutation perturbs the gamma-beta-subunit 
interaction and the local conformation of the beta380DELSEED386 segment in 
a specific way that disrupts the communication of coupling information 
between transport and catalysis. betaE381A, L, K, and R, and gammaR242L and 
E mutations perturbed enzyme assembly and stability to varying degrees. 
These results provide functional evidence that the beta380DELSEED386 
segment and its interactions with the gamma-subunit are involved in the 
mechanism of coupling. 
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In Escherichia coli FIFO-ATP synthase, the two b subunits form the second 
stalk spanning the distance between the membrane FO sector and the bulk of 
Fl. Current models predict that the stator should be relatively rigid and 
engaged in contact with Fl at fixed points. To test this hypothesis, we 
constructed a series of deletion mutations in the uncF(b) gene to remove 
segments from the middle of the second stalk of the subunit. Mutants with 
deletions of 7 amino acids were essentially normal, and those with 
deletions of up to 11 amino acids retained considerable activity. 
Membranes prepared from these strains had readily detectable levels of 
Fl-ATPase activity and proton pumping activity. Removal of 12 or more amino 
acids resulted in loss of oxidative phosphorylation. Levels of 
membrane-associated Fl-ATPase dropped precipitously for the longer 
deletions , and immunoblot analysis indicated that reductions in activity 
correlated with reduced levels of b subunit in the membranes. Assuming the 
likely alpha-helical conformation for this area of the b subunit, the 
11-amino acid deletion would result in shortening the subunit by 
approximately 16 A. Since these deletions did not prevent the b subunit 
from participating in productive interactions with Fl, we suggest that the 
b subunit is not a rigid rodlike structure, but has an inherent flexibility 
compatible with a dynamic role in coupling. 
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We report evidence for catalysis-dependent rotation of the single epsilon 
subunit relative to the three catalytic beta subunits of functionally 
coupled, membrane-bound FOFl-ATP synthase. Cysteines substituted at beta380 
and epsilonl08 allowed rapid formation of a specific beta-epsilon disulfide 
cross-link upon oxidation. Consistent with a need for epsilon to rotate 
during catalysis, tethering epsilon to one of the beta subunits resulted in 
the inhibition of both ATP synthesis and hydrolysis. These activities were 
fully restored upon reduction of the beta-epsilon cross-link. As a more 
critical test for rotation, a subunit dissociation/reassociation procedure 
was used to prepare a beta-epsilon cross-linked hybrid Fl having 
epitope-tagged betaD380C subunits (betaflag) exclusively in the two 
noncross-linked positions. This allowed the beta subunit originally aligned 
with epsilon' to form the cross-link to be distinguished from the other two 
betas. The cross-linked hybrid was reconstituted with FO in Fl-depleted 
membranes. After reduction of the beta-epsilon cross-link and a brief 
period of catalytic turnover, reoxidation resulted in a significant amount 
of betaflag in the beta-epsilon cross-linked product. In contrast, exposure 
to ligands that bind to the catalytic site but do not allow catalysis 
resulted in the subsequent cross-linking of epsilon to the original 
untagged beta. Furthermore, catalysis-dependent rotation of epsilon was 
prevented by prior treatment of membranes with 

N, N ' -dicyclohexylcarbodiimide to block proton translocation through FO. 
From these results, we conclude that epsilon is part of the rotor that 
couples proton transport to ATP synthesis. 
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By means of a yeast genome database search, we have identified an open 
reading frame located on chromosome XVI of Saccharomyces cerevisiae that 
encodes a protein with 53% amino acid similarity to the 11.3-kDa subunit g 
of bovine mitochondrial FIFO-ATP synthase. We have designated this ORF 
ATP20, and its product subunit g. A null mutant strain, constructed by 
insertion of the HIS3 gene into the coding region of ATP20, retained 
oxidative phosphorylation function. Assembly of FIFO-ATP synthase in the 
atp20-null strain was not affected in the absence of subunit g and levels 
of oligomycin-sensitive ATP hydrolase activity in mitochondria were normal. 
Immunoprecipitation of FIFO-ATP synthase from mitochondrial lysates 
prepared from atp20-null cells expressing a variant of subunit g with a 
hexahistidine motif indicated that this polypeptide was associated with 
other well-characterized subunits of the yeast complex. Whilst mitochondria 
isolated from the atp20-null strain had the same oxidative phosphorylation, 
efficiency (ATP : O) as that of the control strain, the atp20-null strain 
displayed approximately a 30% reduction in both respiratory capacity and 
ATP synthetic rate. The absence of subunit g also reduced the activity of 
cytochrome c oxidase, and altered the kinetic control of this complex as 
demonstrated by experiments titrating ATP synthetic activity with cyanide. 
These results indicate that subunit g is associated with FIFO-ATP synthase 
and is required for maximal levels of respiration, ATP synthesis and 
cytochrome c oxidase activity in yeast . 
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The three catalytic sites of the F(0)F(1) ATP synthase interact through a 
cooperative mechanism that is required for the promotion of catalysis. 
Replacement of the conserved alpha subunit Arg-376 in the Escherichia coli 
F(l) catalytic site with Ala or Lys resulted in turnover rates of ATP 
hydrolysis that were 2 x 10 (3) -fold lower than that of the wild type. 
Mutant enzymes catalyzed hydrolysis at a single site with kinetics similar 
to that of the wild type; however, addition of excess ATP did not chase 
bound ATP, ADP, or Pi from the catalytic site, indicating that binding of 
ATP to the second and third sites failed to promote release of products 
from the first site. Direct monitoring of nucleotide binding in the 
alphaR376A and alphaR376K mutant F(l) by a tryptophan in place of 
betaTyr-331 (Weber et al . (1993) J. Biol. Chem. 268, 20126-20133) showed 
that the catalytic sites of the mutant enzymes, like the wild type, have 
different affinities and therefore, are structurally asymmetric. These 
results indicate that alphaArg-376, which is close to the beta- or 
gamma-phosphate group of bound ADP or ATP, respectively, does not make a 
significant contribution to the catalytic reaction, but coordination of the 
arginine to nucleotide filling the low-affinity sites is essential for 
promotion of rotational catalysis to steady-state turnover. 
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Mutants with a cysteine residue in the gamma subunit at position 207 and 
the epsilon subunit at position 31 were expressed in combination with a 
c-dimer construct, which contains a single cysteine at position 42 of the 
second c subunit. These mutants are called gammaY207C/cc * Q42C- and 
epsilonE31C/cc ' Q42C, respectively. Cross-linking of epsilon to the c 
subunit ring was obtained almost to completion without significant effect 
on any enzyme function, i.e. ATP hydrolysis, ATP synthesis, and ATP 
hydrolysis-driven proton translocation were all close to that of wild type. 
The gamma subunit could also be linked to the c subunit ring in more than 
90% yield, but this affected coupling. Thus, ATP hydrolysis was increased 
2. 5-fold, ATP synthesis was dramatically decreased, and ATP 
hydrolysis-driven proton translocation was abolished, as measured by the 
9-amino-6-chloro-2-methoxyacridinequenching method. These results for 
epsilonE31C/cc*Q42C indicate that the c subunit ring rotates with the 
central stalk element. That the gamma-epsilon cross-linked enzyme retains 
ATPase activity also argues for a gammaepsilon-c subunit rotor. However, 
the uncoupling induced by cross-linking of gamma to the c subunit ring 
points to important conformational changes taking place in the 
gammaepsilon-c subunit interface during this. Blocking these structural 
changes by cross-linking leads to a proton leak within the F(0) . 
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Refolding of recombinant alpha and beta s\abunits of the Rhodospirillum 
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an active alpha ( 1 ) beta ( 1 ) -dimer . 

Du Z; Gromet-Elhanan Z 

Department of Biological Chemistry, The Weizmann Institute of Science, 
Rehovot, Israel. 

European journal of biochemistry (GERMANY) Jul 1999, 263 (2) p430-7, 
ISSN 0014-2956 Journal Code: EMZ 
Languages : ENGLISH 
Document type: Journal Article 
Record type: Completed 
Subfile: INDEX MEDICUS 

The alpha subunit from the Rhodospirillum rubrum F(0)F(1) ATP synthase 
(RrF(l) alpha) was over- expressed in unc operon- deleted Escherichia coli 
strains under various growth conditions only in insoluble inclusion bodies. 
The functional refolding of urea— solubili zed RrF(l) alpha was followed by 
measuring its ability to stimulate the restoration of ATP synthesis and 
hydrolysis in beta-less R. rubrum chromatophores reconstituted with pure 
native or recombinant RrF(l)beta [Nathanson, L. & Gromet-Elhanan, Z. 
(1998) J. Biol. Chem. 273, 10933-10938], The refolding efficiency was found 
to increase with decreasing RrF{l) alpha concentrations and required high 
concentrations of MgATP, saturating approximately 60% when 50 microgram 
protein. mL (-1) were refolded in presence of 50 mM MgATP. Size-exclusion 
HPLC of such refolded RrF{l) alpha revealed a 50-60% decrease in its 
aggregated form and a parallel appearance of its monomeric peak. RrF(l)beta 
refolded under identical conditions appeared almost exclusively as a 
monomer. This procedure enabled the isolation of large amounts of a stable 
RrF(l) alpha monomer, which stimulated the restoration of ATP synthesis and 
hydrolysis much more efficiently than the refolded alpha mixture, and bound 
ATP and ADP in a Mg-dependent manner. Incubation of both RrF(l) alpha and 
beta monomers, which by themselves had no ATPase activity, resulted in a 
parallel appearance of activity and assembled alpha ( 1 ) beta ( 1 ) -dimers , but 
showed no formation of alpha ( 3 ) beta ( 3 ) -hexamers . The 

RrF ( 1) -alpha ( 1) beta ( 1 ) -ATPase activity was, however, very similar to the 
activity observed in isolated native chloroplast CF ( 1 ) -alpha ( 3 ) beta ( 3 ) , 
indicating that these dimers contain only the catalytic nucleotide-binding 
site at their alpha/beta interface. Their inability to associate into an 
alpha (3)beta (3) -hexamer seems therefore to reflect a much lower stability 
of the noncatalytic RrF(l) alpha/beta interface. 

Tags: Support, Non-U. S. Gov't; Support, U.S. Gov't, Non-P.H.S. 

Descriptors: H (+) -Transporting ATP Synthase — chemistry — CH; * Recombinant 
Proteins — chemistry — CH; ^Rhodospirillum rubrum — enzymology — EN; Adenosine 
Triphosphate — pharmacology — PD; Dose-Response Relationship, Drug; Kinetics; 
Models, Chemical; Protein Folding; Time Factors 

CAS Registry No. : 0 (Recombinant Proteins) ; 56-65-5 (Adenosine 
Triphosphate) 

Enzyme No.: EC 3,6.1.34 (H (+) -Transporting ATP Synthase) 
Record Date Created: 19990826 



Purification and reconstitution into proteoliposomes of the FIFO ATP 
synthase from the obligately anaerobic gram-positive bacterium Clostridium 
thermoautotrophicum. 

Das A; Ivey DM; Ljungdahl LG 

Department of Biochemistry and Molecular Biology, University of Georgia, 
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Journal of bacteriology (UNITED STATES) Mar 1997, 179 (5) pl714-20, 
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The proton-translocating FIFO ATP synthase from Clostridium 
thermoautotrophicum was solubilized from cholate-washed membranes with 
Zwittergent 3-14 at 58 degrees C and purified in the presence of 
octylglucoside by sucrose gradient centrif ugation and ion-exchange 
chromatography on a DEAE-5PW column. The purified enzyme hydrolyzed ATP at 
a rate of 12.6 micromol min(-l) mg{-l) at 58 degrees C and pH 8.5. It was 
composed of six different polypeptides with molecular masses of 60, 50, 32, 
19, 17, and 8 kDa . These were identified as alpha, beta, gamma, delta, 
epsilon, and c subunits, respectively, as their N-terminal amino acid 
sequences matched the deduced N-terminal amino acid sequences of the 
corresponding genes of the atp operon sequenced from Clostridium 
thermoaceticum ( GenBank accession no. U64318), demonstrating the close 
similarity of the FIFO complexes from C. thermoaceticum and C. 
thermoautotrophicum. Four of these subunits, algj^a, beta, g amma, and 
epsilon, constituted the Fl-ATPase purified from the latter bacterium. The 
delta subunit could not be found in the purified Fl although it was present 
in the FIFO complex, indicating that the FO moiety consisted of the delta 
and the c subunits and lacked the a and b subunits found in many aerobic 
bacteria. The c subunit was characterized as N, N ' -dicyclohexylcarbodiimide 
reactive. The FIFO complex of C. thermoautotrophicum consisting of subunits 
alpha, beta, gamma, del ta, epsilon, and c was reconstituted with 
pEospholipids in?to pro^olipo somes which had ATP-Pi exchange, 
carbonylcyanide p-trif luoromethoxy-phenylhydrazone-stimulated ATPase, and 
ATP-dependent proton-pumping activities. Immunoblot analyses of the 
subunits of ATP synthases from C. thermoautotrophicum, C. thermoaceticum, 
and Escherichia coli revealed antigenic similarities among the Fl subunits 
from both Clostridia and the beta subunit of Fl from E. coli. 
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exon trapping and mapping to chromosome 21q22 . l-q22 . 2 . 
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Exon trapping was used to clone portions of potential genes from human 
chromosome 21. One trapped sequence showed striking homology with the 
bovine and rat ATP synthase OSCP (oligomycin sensitivity conferring 
protein) subunit. We subsequently cloned the full-length human ATP synthase 
OSCP cDNA (GDB/HGMW approved name ATP50) from infant brain and muscle 
libraries and determined its nucleotide and deduced amino acid sequence 
(EMBL/ GenBank Accession No. X83218). The encoded polypeptide contains 
213 amino acids, with more than 80% identity to bovine and murine ATPase 
OSCP subunits and over 35% identity to Saccharomyces cerevisiae and sweet 
potato sequences. The human ATP50 gene is located at 21q22 . l-q22 . 2 , just 
proximal to D21S17, in YACs 860G11 and 838C7 of the Chumakov et al. (Nature 
359:380, 1992) YAC contig. The gene is expressed in all human tissues 
examined, most strongly in muscle and heart. This ATP50 subunit is a key 
structural component of the stalk of the mitochondrial respiratory chain 
FIFO-ATP synthase and as such may contribute in a gene dosage-dependent 
manner to the phenotype of Down syndrome {trisomy 21) . 
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TITLE: Methods for producing L-valine and L-leucine 

BSPR: 

H.sup.+ -ATPase is a membrane-binding enzyme with approximately 500,000 KD in molecular weight, in 
which 8 types of subunits complicatedly associate, and functions to pump H.sup.+ outside of cytoplasm 
through changes in the free energy caused by ATP hydrolyzation and to synthesize ATP utilizing a 
H.sup.+ -concentration gradient between the inside and outside of cytoplasmic membrane caused by 
intracellular respiration. Additionally, this enzyme is divided into an f 0 fraction, which is localized on 
the inner membrane and exhibits H.sup.+ -transport activity, and an Fl fraction, which is localized in 
the membrane surface and catalyzes the decomposition and synthesis of ATP, and the FO is composed 
of 3 types of subunits a, b and c, while the Fl is composed of 5 types of subunits .alpha., .beta., 
.gamma., .delta., .epsilon.. A strain which has a mutation in any of these subunits can be used as a 
H.sup.+ -ATPase-deficient strain. The mutation of the H.sup.+ -ATPase deficiency may include the 
expression of a mutant subunit, and the non-expression of subunits comprising H.sup.+ -ATPase by the 
mutation at a promoter site. 

DEPR: 

E. coli A J12631 was obtained by transducing atpA40L a mutant gene, encoding mutant alpha subunit of 
Fl of H.sup.+ -ATPase derived from E. coli AN718 (CGSC6308) into E. coli W1485lip2 (ATCC25645) 
(see Japanese Patent Application Laid-Open No. 5-137568(1993)). In selection of a transduced strain 
with a H.sup.+ -ATPase-deficient mutation, bgl gene positioned in the vicinity of atpA401 gene was used 
as a marker. Since the bgl gene encodes phospho-beta-glucosidase, E. coli having the wild-type bgl gene 
(bgl.sup.-) cannot assimilate salicin, whereas E, coli having the mutant bgl gene (bgl.sup.+) can grow 
utilizing salicin as the sole carbon source, so that the colonies of a salicin-assimilating strain make a 
bromothymol blue-added medium plate turn yellow by an organic acid produced by the strain. 
Therefore, if the mutant bgl gene (bgl.sup.30 ) and atpA401 gene are linked-transduced, a H.sup.+ 
-ATPase-deficient mutant can be selected efficiently. First, the salicin-assimilating (bgl.sup.30 ) strain 
was isolated from E. coli AN718, and then AN718 (bgl.sup.+) was infected by Pike, and E. coli 
W1485lip2 was transduced using the obtained lysate. For the resulting transductant, a lipoic acid 
requirement and H.sup.+ -ATPase activity was determined to confirm the presence of lipoic 
acid-requiring and H.sup.+ -ATPase-deficient mutations. 
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Insertion scanning mutagenesis of subunit a of the FIFO ATP synthase near 
His245 and implications on gating of the proton channel. 
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Subunit a of the E. coli FIFO ATP synthase was probed by insertion 
scanning mutagenesis in a region between residues Glu219 and His245. A 
series of single amino acid insertions, of both alanine and aspartic acid, 
were constructed after the following residues: 225, 229, 233, 238, 243, and 



245. The mutants were tested for growth yield, binding of Fl to membranes, 
dicyclohexylcarbodiimide sensitivity of ATPase activity, ATP-driven proton 
translocation, and passive proton permeability of membranes stripped of Fl . 
Significant loss of function was seen only with insertions after positions 
238 and 243. In contrast, both insertions after residue 225 and the alanine 
insertion after residue 245 were nearly identical in function to the wild 
type. The other insertions showed an intermediate loss . of function. 
Missense mutations of His245 to serine and cysteine were nonfunctional, 
while the W241C mutant showed nearly normal ATPase function. Replacement of 
Leul62 by histidine failed to suppress the 245 mutants, but chemical rescue 
of H245S was partially successful using acetate. An interaction between 
Trp241 and His245 may be involved in gating a "half -channel " from the 
periplasmic surface of FO to Asp61 of subunit a. 
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Haemophilus influenzae Rd is a gram-negative bacterium capable of natural 
DNA transformation. The competent state occurs naturally in late 
exponential growth or can be induced by a nutritional downshift or by 
transient anaerobiosis . The genes cya, crp, topA, and sxy (tfoX) are known 
to function in the regulation of competence development. The 
phosphoenolpyruvate : carbohydrate phosphotransferase system functions to 
maintain levels of cyclic AMP necessary for competence development but is 
not directly involved in regulation. The exact signal (s) for competence and 
the genes that mediate the signal(s) are still unknown. In an effort to 
find additional regulatory genes, H. influenzae Rd was mutated by using an 
in vitro Tn7 system and screened for mutants with a reduced ability to 
induce the competence -regulatory gene, comA. Insertions in atpA, a gene 
coding for the alpha subunit of the Fl cytoplasmic domain of the ATP 
synthase, reduce transformation frequencies about 20-fold and cause a 
significant reduction in expression of competence -regulatory genes, while 
the expression of constitutive competence genes is only minimally affected. 
In addition, we found that an insertion in atpB, which encodes the a 
subunit of the FO membrane -spanning domain, has a similar effect on 
transformation frequencies. 

Tags: Support, Non-U. S. Gov't; Support, U.S. Gov't, P.H.S. 

Descriptors : Haemophilus influenzae- -genetics - -GE; *Proton-Translocatin 
g ATPases --genetics- -GE; *Transf ormation. Genetic; Bacterial Proteins 
--genetics--GE; DNA Transposable Elements; DNA-Binding Proteins - -genetics 



--GE; Genes, Bacterial; Haemophilus inf luenzae--en2ymology--EN/ Ketone 
Oxidoreductases - -genetics - -GE; Mutagenesis , Insert ional ; Phenotype; 
Phosphoenolpyruvate Sugar Phosphotransferase System- -genetics- -GE; 
Phosphotransferases (Nitrogenous Group Acceptor) - -genetics- -GE; Selection 
(Genetics) 

CAS Registry No.: 0 (Bacterial Proteins); 0 (DNA Transposable 
Elements) ; 0 (DNA-Binding Proteins) ; 0 (comA protein) 

Enzyme No.: EC 1.2. (Ketone Oxidoreductases); EC 1.2.7.1 (pyruvate 
synthase); EC 2.7.1.- (Phosphoenolpyruvate Sugar Phosphotransferase 
System); EC 2.7.3 (Phosphotransferases (Nitrogenous Group Acceptor)); EC 
2.7.3.9 (phosphoenolpyruvate-protein phosphotransferase); EC 3.6.3.14 

(Proton-Translocating ATPases) 

Record Date Created: 19971230 

Record Date Completed: 19971230 



2/9/3 (Item 3 from file: 155) 

DIALOG (R) File 155 : MEDLINE (R) 

(c) format only 2003 The Dialog Corp. All rts. reserv. 

10130168 22107276 PMID : 12112691 

Crystal structure of the YjeE protein from Haemophilus influenzae: a 
putative Atpase involved in cell wall synthesis . 

Teplyakov Alexey; Obmolova Galina; Tordova Maria; Thanki Narmada; 
Bonander Nicklas; Eisenstein Edward; Howard Andrew J; Gilliland Gary L 

Center for Advanced Research in Biotechnology of the University of 
Maryland Biotechnology Institute, Rockville, Maryland 2 0 850, USA. 
alexey®carb . nist . gov) 

Proteins (United States) Aug 1 2002, 48 (2) p220-6, ISSN 1097-0134 
Journal Code: 87 00181 

Contract/Grant No.: P01-GM57890; GM; NIGMS 

Document type: Journal Article 

Languages : ENGLISH 

Main Citation Owner: NLM 

Record type : Completed 

Subfile: INDEX MEDICUS 

A hypothetical protein encoded by the gene YjeE of Haemophilus influenzae 
was selected as part of a structural genomics project for X-ray analysis to 
assist with the functional assignment. The protein is considered essential 
to bacteria because the gene is present in virtually all bacterial genomes 
but not in those of archaea or eukaryotes . The amino acid sequence shows no 
homology to other proteins except for the presence of the Walker A motif 
G-X-X-X-X-G-K-T that indicates the possibility of a nucleotide-binding 
protein. The YjeE protein was cloned, expressed, and the crystal structure 
determined by the MAD method at 1.7 -A resolution. The protein has a 
nucleotide-binding fold with a four-stranded parallel beta-sheet flanked by 
antiparallel beta-strands on each side. The topology of the beta-sheet is 
unique among P-loop proteins and has features of different families of 
enzymes. Crystallization of YjeE in the presence of ATP and Mg2+ resulted 
in the structure with ADP bound in the P-loop. The ATPase activity of YjeE 
was confirmed by kinetic measurements. The distribution of conserved 
residues suggests that the protein may work as a "molecular switch" 
triggered by ATP hydrolysis. The phylogenetic pattern of YjeE suggests its 
involvement in cell wall biosynthesis. Copyright 2002 Wiley-Liss, Inc. 
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Genetic diversity of Pasteurella multocida fowl cholera isolates as 
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The genetic diversity of Pasteurella multocida, the aetiological agent of 
fowl cholera, was investigated. The strain collection comprised 69 clinical 
isolates representing a wide spectrum of hosts and geographic origin. The 
three type strains for the subspecies of P. multocida were also included. 
Avian isolates of P. multocida subsp. multocida and P. multocida subsp. 
septica did not represent separate lines by Hpall ribotyping and the two 
type strains of mammalian origin (porcine and cat bite) seemed to be 
representative of avian strains of P. multocida subspp. multocida and 
septica. By ribotyping, all P. multocida subsp. gallicida strains, except 
one chicken isolate and the type strain, clustered together. This indicated 
that the bovine type strain was not representative of this subspecies and 
that most strains of P. multocida subsp. gallicida are genetically related 
and may be distantly related to other P. multocida isolates, including 
those of avian origin. By 16S rRNA and atpD sequence comparisons of 
selected strains, including both P. multocida isolated from birds and 
mammals and selected distantly related Pasteurella species associated with 
birds and mammals, it was found that P. multocida is monophyletic . Extended 
DNA-DNA hybridizations are highly indicated since strains may exist which 
would connect the existing subspecies at species level. The considerable 
genetic diversity of P. multocida fowl cholera isolates is probably related 
to the clonal nature of this organism, resulting in many divergent lines. 
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The genetic diversity of Pasteurella multocida, the aetiological agent of 
fowl cholera, was investigated. The strain collection comprised 69 clinical 
isolates representing a wide spectrum of hosts and geographic origin. The 
three type strains for the subspecies of P. multocida were also included. 
Avian isolates of P. multocida subsp. multocida and P. multocida subsp. 
septica did not represent separate lines by Hpall ribotyping and the two 
type strains of mammalian origin (porcine and cat bite) seemed to be 
representative of avian strains of P. multocida subspp. multocida and 
septica. By ribotyping, all P. multocida subsp. gallicida strains, except 
one chicken isolate and the type strain, clustered together. This indicated 
that the bovine type strain was not representative of this subspecies and 
that most strains of P. multocida subsp. gallicida are genetically related 
and may be distantly related to other P. multocida isolates, including 
those of avian origin. By 16S rRNA and atpD sequence comparisons of 
selected strains, including both P. multocida isolated from birds and 
mammals and selected distantly related Pasteurella species associated with 
birds and mammals, it was found that P. multocida is monophyletic . Extended 
DNA-DNA hybridizations are highly indicated since strains may exist which 
would connect the existing subspecies at species level. The considerable 
genetic diversity of P. multocida fowl cholera isolates is probably related 
to the clonal nature of this organism, resulting in many divergent lines. 
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Haemophilus influenzae Rd is a gram-negative bacterium capable of natural 
DNA transformation. The competent state occurs naturally in late 
exponential growth or can be induced by a nutritional downshift or by 
transient anaerobiosis . The genes cya, crp, topA, and sxy (tfoX) are known 
to function in the regulation of competence development . The 
phosphoenolpyruvate : carbohydrate phosphotransferase system functions to 
maintain levels of cyclic AMP necessary for competence development but is 
not directly involved in regulation. The exact signal (s) for competence and 
the genes that mediate the signal (s) are still unknown. In an effort to 
find additional regulatory genes, H. influenzae Rd was mutated by using an 
in vitro Tn7 system and screened for mutants with a reduced ability to 
induce the competence -regulatory gene, comA. Insertions in atpA, a gene 
coding for the alpha subunit of the Fl cytoplasmic domain of the ATP 
synthase, reduce transformation frequencies about 20 -fold and cause a 
significant reduction in expression of competence-regulatory genes, while 
the expression of constitutive competence genes is only minimally affected. 
In addition, we found that an insertion in atpB, which encodes the a 
subunit of the FO membrane -spanning domain, has a similar effect on 
transformation frequencies. 
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Subunit a of the E. coli FIFO ATP synthase was probed by insertion 
scanning mutagenesis in a region between residues Glu219 and His245. A 
series of single amino acid insertions, of both alanine and aspartic acid, 
were constructed after the following residues: 225, 229, 233, 238, 243, and 
245. The mutants were tested for growth yield, binding of Fl to membranes, 
dicyclohexylcarbodiimide sensitivity of ATPase activity, ATP-driven proton 
translocation, and passive proton permeability of membranes stripped of Fl . 
Significant loss of function was seen only with insertions after positions 
238 and 243. In contrast, both insertions after residue 225 and the alanine 
insertion after residue 245 were nearly identical in function to the wild 
type. The other insertions showed an intermediate loss of function. 
Missense mutations of His245 to serine and cysteine were nonfunctional, 
while the W241C mutant showed nearly normal ATPase function. Replacement of 
Leul62 by histidine failed to suppress the 245 mutants, but chemical rescue 
of H245S was partially successful using acetate. An interaction between 
Trp241 and His245 may be involved in gating a "half -channel " from the 
periplasmic surface of FO to Asp61 of subunit a. 
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